Objective To investigate the expression significance of inhibitor of DNA binding (Id)-1, Id-2 and Id-3 mRNAs in breast cancer patients, and explore the correlation between sonographic characteristics, histological grades and expressions of Id-1, Id-2 and Id-3 mRNAs.
Introduction
Breast cancer is the most frequent malignant cancer and the second cause of cancer death among women in the United States. According to the statistics by the American Cancer Society, there were approximately 229,060 new cases diagnosed and 39,920 deaths from breast cancer worldwide in 2012 [1] . In China, the incidence of female breast cancer has also increased dramatically in recent years [2] . It is estimated that the incidence rate of breast cancer will be 85.3 per 100,000 women in China by year 2021 [3] . The mortality for breast cancer patients may be mainly attributed to their diagnosis in late phase and development of metastasis to other sites, leading to the resistant to most treatment modalities such as chemotherapy and radiotherapy [4] [5] [6] . Therefore, how to early diagnose the breast cancer is still an important topic in clinic.
Recently, greater attention is being paid to tumor molecular markers, including inhibitor of DNA binding (Id) protein. Id proteins, members of a family of helix-loop-helix (HLH), are suggested to promote cancer cells proliferation by regulating the activation of p16INK4a/pRB pathway [7] . Down-regulation of Id-1 and Id-3 inhibits mammary tumor-initiating capacity, induces cell apoptosis, and blocks breast cancer cells invasion in vitro and metastasis in vivo [8] [9] [10] [11] . Compared to those with absent or low expression, breast cancer patients with strong or moderate Id-1/3 expression have a significant shorter overall and disease-free survival [12, 13] . Thus, Id-1/3 genes have become important targets for therapeutic intervention of breast cancer [14] . The role of Id-2 may be inverse with Id-1/3 genes because the Id-2 is lowly expressed in aggressive and metastatic breast cancer cells [15] and high Id-2 protein expression associates with a favourable prognosis in patients with primary breast cancer [16] . However, the tumor molecular markers can only be identified in histologic specimens which must be isolated from breast and may cause an injury in the function of breast. It is necessary to develop a non-invasive examination tool that is well correlated with tumor prognostic factors and can evaluate tumor biologic behavior and prognosis in vivo before surgery [17] .
Compared with needle localization biopsy, image-guided breast biopsy via core needle biopsy has proven to be a more accurate and costefficient technique for sampling nonpalpable breast lesions, leading to favorable cosmetic results and few complications [18, 19] . The mostly common imaging guidance system includes ultrasonography, magnetic resonance imaging (MRI) and mammography [20] . Currently, most investigators have focused on distinguishing benign from malignant breast masses using ultrasonography. However, correlation of ultrasonic characteristics with tumor molecular markers has rarely been reported [17] . This study was designed to analyze the ultrasonic characteristics of breast cancer and investigate the correlation between ultrasonic characteristics and Id genes expression in breast cancer using realtime fluorescent quantitative reverse transcription polymerase chain reaction (RT-FQ-PCR).
cancer patients and 49 normal controls, which were collected between January 2010 and September 2011. The average age of patients in our study was 51 years old (range, 28-57 years). According to the World Health Organization (WHO) criterion for histologic classification of breast cancer, the 62 breast cancer patients were grouped into different grades: 14 in grade I, 31 in grade II and 17 in grade III. All patients had no history of antitumor therapies before operation. Written informed consent was obtained from all patients and the protocol was approved by the Ethical Committee of the First Clinical College of Harbin Medical University in accordance with the Declaration of Helsinki.
Ultrasonic inspection
All of the enrolled patients were subjected to a Doppler ultrasonic diagnostic apparatus with a frequency of L12-5 linear array probes (8-12 MHz) for observation of keloid-like lesions, peripheral halo ring, calcification and peripheral catheter expansion.
Real-time PCR
Total RNA was extracted from cancerous or normal tissues using TRIZOL reagent according to the manufacturer's instructions (Qiagen kit). The concentration of total RNA was quantitated by using UV spectrophotometer (Parmacia-Bitech). The integrity of extracted RNA was verified by agarose gel electrophoresis. Total RNA was denatured at 70°C for 5 min and reverse transcription was performed in 18 µl of 1× reverse transcriptase buffer [50 mM Tris-HCL (PH 8.3), 75 mM KCL and 3 mM MgCl 2 ] with 0.5 mM deoxynucleotide triphosphates and 1µl of RNasin. The Primer sequences were designed using the Primer Express software (PE Applied Biosystems) and listed in Table 1 . PCR was conducted in 43 µl of 1× PCR buffer [10 mM Tris-HCL (PH8.4), 50 mM KCL, and 1.5 mM MgCl 2 ] with 0.2 mM deoxynucleotide triphosphates, 5 µl of cDNAs, 2 units of Taq DNA polymerase (Promega), 0.4 µM of sense and antisense primers. The cycling parameters were as follows: denaturation at 95°C for 5 min, followed by 35 cycles of 95 °C for 30 s, 62°C for 20 s, and 72°C for 20 s, and a final extension at 72°C for 10 min. Levels of β-actin mRNA was used as an internal control in our study. All reactions were performed in the ABI Prism 7000 Sequence Detection System.
Statistical analysis
The experiment data are expressed as mean ± standard deviation (SD) of three duplicates, and analyzed with SPSS13.0 software package (SPSS Inc., Chicago, IL, USA). Measurement data were compared between groups using one-way ANOVA with post hoc tests (for multiple group comparisons). P values<0.05 were considered statistically significant.
Results

Expressions of Id-1, Id-2 and Id-3 mRNA in breast cancer and normal healthy cases
Id-1 to Id-3 mRNAs showed a different expression pattern in breast cancer and normal healthy ones. As shown in Figure 1 , Id-1 and Id-3 mRNAs were higher expressed in the 62 breast cancer individuals than those in the 49 normal healthy controls (Id-1: 0.0141 ± 0.01025 versus 0.0075 ± 0.00309, p=0.0001; Id-3: 0.0139 ± 0.01029 versus 0.0078 ± 0.00312, p=0.005). However, expression status of Id-2 mRNA was opposite, whose expression was significantly lower in breast cancer patients (Id-2: 0.0195 ± 0.01299 versus 0.0275 ± 0.01401, p=0.033).
Relationship between histological grades and Id-1/3 mRNA expression in the breast cancer
As expected, the expressions of Id-1 and Id-3 mRNA were gradually increased along with the increase in the histological grades in breast cancer tissues (Id-1: p=0.0003 between grade I and III; Id-3: p=0.0005 between grade I and III), while Id-2 showed an opposite expression pattern with Id-1 and Id-3 with the change in the histological grades (Id-3: p=0.0019 between grade I and III) (Figure 2 ).
Relationship between ultrasonography and Id1-3 mRNA expressions in breast cancer
Furthermore, we also analyzed the expressions of Id-1, Id-2, and Id-3 according to the ultrasonic results in the breast cancer patients ( Figure 3) . As a result, Id-1 mRNA was highly expressed in breast patients with a keloid or hyperechoic halo under ultrasonography than patients without a keloid (p=0.0013) or hyperechoic halo (p=0.0084). The expression of Id-3 mRNA was significantly higher in breast patients with a keloid (p=0.0004) and peripheral catheter expansion (p=0. 
Discussions
Our present study demonstrated that Id-1 and Id-3 genes were higher expressed, but Id-2 gene was lower expressed in breast cancer patients compared with normal healthy controls. According to previous studies, the high expressions of Id-1 and Id-3 may cause breast cancer cells proliferation, invasion, and metastasis, resulting in poor prognosis [8, 9, 12] . These conclusions may also be indirectly proved by our study because we found that the expressions of Id-1 and Id-3 mRNA were much higher in grade III than those in grade I (p<0.05). According to the microscopic similarity of breast cancer cells to normal breast tissues [21] , the breast cancer was classified into well differentiated (grade I), moderately differentiated (grade II), and poorly differentiated (grade III) types. The poorly differentiated breast cancer cells have a stronger metastasis potential and indicate a poor prognosis. More importantly, it has been reported that Id-1 and -3 have the ability to inhibit cellular differentiation [22, 23] .
Ultrasound is a widely used modality for diagnosing breast cancers, with the sensitivity and negative predictive value of 98.4% and 99.5% [24] . Previous studies have suggested that there are correlations between ultrasonic findings and prognostic indicators for breast cancers. For example, Kim et al. have demonstrated that a hypoechoic or complex echo pattern is more often displayed in cancers with negative estrogen or progesterone receptor. HER-2/neu positive cancers have more calcifications [25] . Cao et al. have showed that centripetal enhancement is common in tumors with negative estrogen receptor expression; perfusion defect can be seen in tumors with positive c-erb-B2 expression, positive Ki-67 expression and larger tumor diameter [17] . In this study, we investigated the correlation between Id genes expression and specific ultrasonic characteristics, including keloid, hyperechoic halo, posterior acoustic attenuation, microcalcification or peripheral catheter expansion. To our knowledge, this was not reported previously. Keloid-like nodule is one of the symptoms of malignant tumor, which probable have cancer cell infiltration and usually comes from hyperplasia of mammary gland small catheter and the surrounding connective tissues [26, 27] . Hyperechoic halo is also an important indicator for identification of malignant tumors. The higher of the pathology grade is, the more obvious of the hyperechonic halo is [25, 28] . In this study, we found that Id-1 and Id-3 mRNA were highly expressed in patients with keloid-like and hyperechoic halo on ultrasonography (p<0.01), indicaitng Id-1 and Id-3 may be one of the genetic basis of the "keloid-like" imaging. However, no significant association between Id-2 and ultrasonic characteristics was found. Thus, further studies are still needed.
In conclusion, our results suggest that molecular biology behavior may be the basis for the pathological and sonographic characteristics of breast cancer. The use of breast ultrasound may be useful for predicting prognosis.
